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Discussion by Th. Vladut, 
Professor Civil Engineering, 
University of Ottawa, Ottawa, 
Three papers of this section are related to the analysis 
of strong ground motions and their effects on field be-
haviour. They recall recent earth movement such as the 
May 6, 1976 earthquake in Friuli, Italy, instrumenting 
aftershocks of magnitude about 6, the Tangsham earth-
quake in China (July 28, 1976) and the more recent event 
of March 14, 1979 motion of 7.6 on the Richter scale in 
Mexico. The experience related to strong ground motion 
covers a broad area of problems in different parts of 
the wor.ld. 
All three papers are concerned with different field be-
haviou.r and bring supplementary facts towards a better 
understanding of some particular problems. At the same 
time, they focus on some aspects which needs clarifica-
tion in assessing our actual limitations. 
Such case histories constitute probably the best tools 
In understanding the field behaviour. While regarding 
such case histories summarizing is difficult, and most 
of the time lengthy and expensive field observations are 
Involved. We may remember Terzaghi 's observation which 
is still actual today. "Our theories will be superseded 
by better ones, but the results of conscientious observa-
tions in the field will remain as a permanent asset of 
Inestimable value of our profession". Here we see 
Terzaghi's inclination for a skeptical attitude related 
to our theories and a readiness to modify them in 
accordance with knowledge gained from such case 
histories. 
Each paper follows the pattern on contributing on the 
consolidation of some of the achievements and at the 
same time collecting unexpected field behaviour. Some 
time unexpected is considered that appears to be known. 
When about strong motions the papers should be conside-
red as successful analysis in understanding some be-
haviour enhancing ~nd endorsing our practice. 
A. JAIME, L. MONTANEZ, M. P. ROMO 
Liquefaction of the Enmedio Island Soil Deposits 
Liquefaction of the Enmedio Deposits following the major 
Mexican earthquake, 14 March 1976, 7.6 on the Richter 
scale. The field studies were focussed on an area of 
about 250 ha in deltaic sediments of sand and silty soil 
with an average depth of 45 m. Half of this area was 
affected during the seismic activity, as witnessed by 
major cracks (5 to 10 wide) and sand boils (0.3 to 1.5 m 
diameter). Detailed stratigraphy analysis and field 
tests (STP, pressurometer tests, permeability) were used 
In assessing the prediction of empirical evaluations 
like the correlation resistance of sand established by 
Seed (1979). The second part of the field was not 
affected by liquefaction even though the soil properties 
were quite similar and this will need some future ex-
planations. It is certainly hoped that the researchers 
In their discussions would express their hypothesis re-
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lated to the limitations of our actual correlations and 
to the definition of borderline conditions. There may 
be a need for using more than one criterion. There are 
several possibilities and for an outsider the easiest 
explanation will be related to some particular unspeci-
fied or undetected field conditions. How we would use 
this major field observation when summarizing for an in-
formational system of data collection. Certainly we will 
be faced with one of the usual headaches of our profes-
sion, the expression of an opinion related to many un-
certainties. I am always confident that the best opinion 
is the point of view of the authors deeply involved in 
the analysis of the special field situation. But this 
opinion should be expressed and then going beyond 
research to geotechnical engineering. 
I was more than happy having by chance the possibility in 
the last moment before I send this briefing to see one of 
the major references by the same authors where they 
approach the assessment of different behaviour. They 
should be congratulated and for the reader of their paper 
it should be mentioned that the problems arising from 
this paper are continued and answered in the paper which 
just by hazard in the first volume was published some 
pages before. 
M. BOSILI, V. GORELLI, F. Muzzi 
Comitate Nazionale Energia Nucleare CNE Rome, Italy 
Local site behaviour is considered in thi~ paper related 
to the Italian 1976 Friuli Earthquake, with aftershocks 
of magnitude 6 within hypocentral distance of 20 km. 
Such detailed observations focus on our relatively 
limited knowledge on the seismological data which we are 
using as every day references for all kinds of soil be-
haviour assessment. The paper focussed on a successful 
and very valuable two-site observation on soft site ver-
sus rock site. From the geotechnical point of view soil 
conditions affect spectral response with effects on peak 
acceleration, intensity and duration evaluation. New 
numerical tools related to energy, frequency content are 
developed and related to site behaviour. Certainly when 
structural responses will be assessed in the future, it 
is expected that such consideration should be given for 
the potential of high concentration of energy (Arias 
intensity) and the distribution of energy over the 
frequencies. Such near source observation would build 
up a better explanation of dynamic response of different 
soil deposits. One of the messages of the paper is that 
we should reconsider quite often the seismological data 
using new tools requested for better visualization of 
the soil behaviour. 
Z.Q. WANG, S.T. ZHOO, Z.L. HUANG 
Mechanism of Surface Faulting and Its Seismic Effect 
This paper contains important field observations related 
to the China (1976) Tangsham earthquake. The major post 
earthquake soil investigation brought up quite difficult 
questions. Some of them are related to the development 
of new concepts about the surface faulting mainly with 
quick decrease with depth. With the same interest, in-
formation on the reinforcement effect produced by 
existing rigid structures would be important in under-
standing the different development of superficial 
ruptures on grounds covered by housing which generally 
is much smaller than that in the free ground surface. 
Using information from other earthquakes like the Liao 
Ning (M = 7.4, February 4, 1975) the mechanism of tec-
tonic ruptures in the top soils is assessed as being not 
directly associated with the deeply embedded conserva-
tive faults. The analysis of the mechanism of the re-
currence of surface faulting required a real decipher 
work in assessing correlations with prehistorical 
faultings. Several other important findings should be 
mentioned. Velocity of ground movement near failures 
generally suddenly diminish and contributing to erratic 
behaviour in which surface rupture has nothing to do 
with damage on the ground level. Nevertheless, the 
multiple effect of the such major endamaging motion 
(magnitude 7.8) is referred by several papers in this 
session and could not be concluded in analyzing only a 
section outside of the whole complexity. 
I am confident that later the different researchers will 
summarize in a national symposium or by other means for 
the benefit of all scientific community the multiple 
lessions from Tangsham earthquake and the explanation 
for the size of the disaster connected with this. 
Discussion by Peter M. Byrne, 
Dept. of Civil Engineering, 
University of British Columbia, 
Canada, on Moderator's Report. 
Dr. Arulanandan in his report suggested that 
our method of evaluating liquefaction resist-
ance based on dilation angle, and reported in 
our paper to this conference, Vol. 1, pp. 161-
165, is no good because it is based on rela-
tive density and blow count. In fact, in our 
paper we go to some trouble to point out that 
neither relative density nor blow count is a 
very desirable measure of liquefaction resist-
ance. This is because although relative den-
sity can readily be measured in the laboratory, 
it is very difficult to measure in the field. 
Conversely, blow counts are readily obtained 
in the field but are generally not appropriate 
in the laboratory and hence cannot be correla-
ted with laboratory cyclic resistance data. 
We are proposing instead that dilation angle be 
used as a measure of liquefaction resistance. 
Dilation angle is a measure of the rate of ex-
pansion or contraction of a sand on shearing 
and can be obtained in the laboratory from 
drained triaxial or simple shear tests. In the 
field it can be obtained from self-boring pres-
suremeter tests. 
Loose sands have a low or negative dilation 
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angle reflecting their tendency to decrease in 
volume during shearing whereas dense sands have 
high dilation angles, 2 0 degrees or more, reflect-
ing their tendency to expand when sheared. By 
preparing samples of Ottawa sand over a range 
of densities and by obtaining both their lique-
faction resistance from cyclic undrained tests 
and their dilation angle from drained tests, 
the liquefaction resistance was obtained in 
terms of dilation angle as shown in the atta-
ched Figure 1. The relative density of the 
samples is also shown as a matter of interest. 
By determining dilation angles in the field 
from self-boring pressuremeter tests, an esti-
mate of the insitu liquefaction resistance of 
sand can be obtained from Figure 1. This is the 
basic concept presented in our paper. 
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